ABSTRACT
Introduction
In Africa, drying is often a significant unit operation involved in several food technology processes. Drying is mainly used to preserve food products for longer periods. It has been established as the most efficient preservation technique for many tropical crops.
The principal raw material used in African traditional breweries is the sorghum, which plays a crucial role in the food safety of the semi-arid tropical areas [1] . Sorghum is quantitatively the world's fifth largest most important cereal grain, after wheat, maize, rice and barley [2] . It is often transformed in malts used in the manufacture of various types of foodstuffs and fermented beverages. Drying is the last stage of the cereals malting process. Its principal objective is to stop the growth of the green malt at the end of the germination process and to produce a shelf-stable product complete with active enzymes by reducing moisture content and water activity [3] . The drying temperature suitable for retention of high amylase activity and other endogenous hydrolytic enzymes is approximately 50˚C [4] .The sorghum malts are usually dried at 50˚C during 24 hours [5] [6] [7] . There are traditionally dried under the sun. The sun drying reduced to 16% the α-amylasic activity of sorghum malts [8] .
Moreover drying reduces the microbial growth in the germinated green malt because relative humidity of the grain becomes too low to permit proliferation of microorganisms. However, the levels of microorganisms in dried malt depend mainly on the drying conditions. Thus, dried malt carries complex microbial population that essentially consists of bacteria, yeast and filamentous fungi (moulds) [9] . Some bacteria (coliforms) and moulds could be harmful to humans if consumed [9] . Microbial contamination could alter physical, chemical and sanitary characteristics of malts. From these data, the malts drying need to be controlled.
In Benin, the traditionally obtained sorghum malt after steeping, germination and drying is used to prepare many fermented product such as chakpalo, gowé and tchoukoutou [10] [11] [12] [13] . After the germination, the germinated sorghum grains are spread over mat, plastic sack, or leaf to be dried directly under sun and thus are exposed to various bad weather (wind, dust...), insects and microorganisms. So, there is a need to develop attempts of technological approaches in order to improve this last unit operation and the quality of the final product.
The present work was taken up to assess the effect of controlled drying on the quality of sorghum malts by testing the aptitude of the shell drier to improve the drying operation and the microbiological quality of the sorghum malts.
Material and Methods

Materials
The malt was produced starting from the local red variety of sorghum grain (Sorghum vulgare (L.) Moench) often used by the chakpalo producers.
Malting
Sorghum grains were steeped in water and dirt (weed seeds, dust and other) were removed after floating to the water surface. After soaking for 12 to 24 h at the room temperature, grains were drained and left in baskets for 10 to 12 h in order to allow shoots initiation (pregermination). Then, there were spread out in thin layer (3 -5 cm thickness), covered and germinated during 72 h. From time to time, grains were watered. The obtained green malt was then separated into two equal portions of known weights. One portion was sun-dried and the other dried in a shell drier. For the sun drying, the green malt (6 kg) was spread over trays and exposed directly to the sun at ambient temperature depending on solar intensity during 12 h according to the traditional technology practiced by the processors.
The second portion (6 kg) was loaded and dried between 45 and 50˚C in a shell solar drier with thermal supplement for 12 h. Two kilograms of green malt were spread over each of the three trays put in the drier.
After drying, both of the two dried malts (sun-dried and dried in the shell drier) were separately packaged in polyethylene bags.
Shell Drier Description
The shell drier ( Figure 1 and Figure 2 ) is an indirect solar drying system with integral natural convection [14] . The thermal supplement allows making drying independent of the ambient climatic conditions, controlling the drying temperature and maintaining it in an interval in order to preserve the malt enzymes essential to brewing. The drier consists of an upper cone, a cylindrical dehydration chamber and a bottom cone. The upper cone is truncated at the top and is topped by a cap that can slide to allow adjustment of the airflow section. The cylindri- cal dehydration chamber can hold two trays in which the product to be dried is loaded. The bottom cone is identical to the upper one but is positioned in the opposite orientation and drilled with a number of regularly distributed holes. The absorber is unglazed, resulting in high heat losses to the ambient. So, most of the solar energy gain by the conical absorber is used to make the airflow through the product, and drying is mainly by aeration [15, 16] . The thermal supplement increased the temperature inside the drier and reduces drying period.
Physicochemical Analysis
Thousand kernel weight, moisture, protein and fat contents were determined according to AOAC methods [17] . Germination activity was determined using triplicate samples (50 seeds each) in open Petri dishes lined with Whatman no. 4 filter paper. Water (4 ml) was added, and the dishes were placed in a germinator at 28˚C. Seeds that developed roots and shoots were counted after 72 h and the percentage was recorded.
Microbiological Analysis
10 g sample was diluted in sterile (90 ml) peptone wa-ter and then homogenized. Appropriate decimal dilutions were prepared for bacterial analysis according to ISO method. Total Mesophilic Aerobic Bacteria were enumerated on Plate Count Agar (PCA) after incubation at 30˚C for 72 h. Yeasts and Moulds were enumerated on Oxytetracycline Glucose Agar (OGA)
Results and Discussion
Physicochemical Characteristics of the Sorghum Grains
The malt's physicochemical characteristics depend mainly on the raw material used. Results about sorghum physicochemical parameters are given in Table 1 . These results were compared to the Codex standards. Moisture content of the sorghum used (11.65%) was lower than the maximum value required by the Codex standards for the sorghum kernels [20] . Proteins and fat contents, respectively 11.4% and 3.57% were also in conformity with the Codex standards for the sorghum grains which require a minimal proteins content of 7% and a maximum fat content of 4%. The thousand kernel weight (27.81 g) was between the values (25 to 35 g) reported by Serna-saldivar et al. [19] for the sorghum. Figure 3 shows the changes in moisture content during sorghum malts drying in the shell drier between 45 and 50˚C and sorghum malts drying directly under the sun. The moisture content of the dried malts under the sun decreased from 48.81% to 22.36% and those dried in the shell drier from 48.81% to 9.04% after 6 h of drying. A moisture content of about 11% is considered safe and guarantees longer shelf life for the malt after drying [21] . More than 80% of the free water was eliminated after 6 h of drying in the shell drier while only 54 % of the water was eliminated during sun drying. After the first six hours of drying, the drying speed decreased considerably during the six other hours and the moisture content decreased from 9.04% to 7.66% for the dried malt using the shell drier and from 22.36% to 12.56% for the dried malt directly under the sun. This little reduction of the drying speed showed that the major part of the free water contained in the malt was evaporated. The free water constitutes the water available in the malt and easy to be evaporated. In contrast, linked water represents the water closely related to the biochemical components of the product and whose elimination requires high temperatures and can attack the chemical structure of the germinated sorghum. Sorghum malt can be dried in the shell drier during 6 h to preserve the enzymes with a final moisture content of 9.04% sufficient for its conservation.
Moisture Content Variation during the Malt Drying
Microbiological Characteristics of the Dried Malts
The dried malt under the sun (malt 1) and the dried malt using the shell drier (malt 2) were analyzed in microbeological aspects. Results were shown in Table 2 . Total Mesophilic Aerobic Bacteria, Total Coliforms, Faecal Coliforms, E. coli, Yeast and Moulds, Staphylococci and Sulfito-reducers Anaerobes counts were respectively 7.44 logCFU/g, 6.3 logCFU/g, 4.3 logCFU/g, 3.3 logCFU/g, 7.3 logCFU/g, 3.9 logCFU/g, 2.32 log-CFU/g in malt 1 and 5.2 logCFU/g, 3 logCFU/g, 3.69 logCFU/g, 1 logCFU/g, 2 logCFU/g in malt 2. The microorganisms counts were higher in malt 1 than malt 2 due to the sun drying conditions which allow an exposition of the malt to the ambient air and consequently to microorganisms. Moreover, the drying temperature (50˚C) used during the controlled drying process lowers the moisture content to a point where growth of moulds is inhibited or at least stopped [22] . The high level of yeasts and moulds enumerated in malt 1, when compared to the malt 2's, confirmed this finding. Food products containing 10% or less of free moisture are not subjected to spoiling by microorganisms as their activity is suspended for want of moisture. Additionally, moulds can grow on a dry surface and on feeds containing 12% -13% moisture content [23] . It is for this reason that the crops were dried to a final moisture content less than 14% (wet basis) allowing their preservation for a period of one year without deterioration [24] . The malt 1 microbial counts were in the same range with those obtained by Lefyedi [25] in which a Total Aerobic count of 8.11 logCFU/g, Yeast count of 6.93 logCFU/g, Moulds of 5.79 logCFU/g, and Coliforms of 5.73 logCFU/g, were obtained from sorghum malts dried in a forced-draft oven at 50˚C for 24 h. The hygienic conditions during malting could have an effect on the malt quality too. Ilorri et al. [26] obtained Total Bacterial counts of 6.3 logCFU/ml and 6.49 logCFU/g in malt samples made from two sorghum varieties.
Malt 1 had a Total Coliforms count (6.3 logCFU/g) greater than malt 2 (3 logCFU/g). Coliforms grow optimally at moisture contents of about 18% and temperatures of about 35˚C and therefore the temperature and moisture content during malt 2 drying will be unfavourable for their growths. Thaoge et al. [27] found the presence of coliforms at levels of 4 -5.73 logCFU/g in South African sorghum malts. There were not Faecal Coliforms and E. coli in the malt 2 contrary to malt 1 where their levels were respectively 4.3 logCFU/g and 3.3 logCFU/g. The E. coli are important member of the coliform group and could cause gastroenteritis and urinary tract infection [28] as well as diarrhea in infant [29] . So, the malt production of the microbiological quality good would be important.
A typical Southern African sorghum malt specification for Total Bacterial count is lower than 7.3 logCFU/g [25] . The Total Mesophilic Aerobic Bacteria counts of the malt 1 samples exceed the specification and are therefore regarded as unacceptably high contrary to those of the malt 2. According to AFNOR criteria's, the tolerable microbial load for the cereals products requiring a cooking before consumption (100˚C/3 min) is about 5.3 log CFU/ g for the Total Mesophilic Aerobic Bacteria, 3 log CFU/g for Yeasts and Moulds, 2 logCFU/g for Coli-forms, 2 logCFU/g for Sulfito-reducers Anaerobes [30] . Total Mesophilic Aerobic Bacteria and Sulfito-reducers Anaerobes counts of the malt 2 were accordance with AF-NOR's criteria. Yeast and Moulds counts were very near to values recommended by criteria AFNOR. The microbiological characteristics of the malt dried in shell drier were acceptable.
The shell drier could be used for the malt controlled drying at small scale. Indeed, it can reduce malt's moisture content and contaminations due to wind blown debris, rain, insect infestation, rodents, birds and microorganisms contrary to sun drying. The shell drier constructed from mostly locally available materials is simple, low capital and running costs. Shell drier disadvantage is its low capacity for large scale application. It is a multi-purpose solar dryer which can be used to dry the fruits and vegetables too.
Conclusion
The physico-chemical and sanitary qualities of malts could be improved by controlled drying in shell drier. Sun drying involved an exposure to microorganisms and the high final moisture content of the malt was not interesting for its conservation. The sorghum malt could be dried in the shell drier during 6 h allowing a final moisture content about 9.04%. The dried malts in the shell drier had better microbiological characteristics than the dried malts directly under the sun. The shell drier could be used in the sorghum malt production units at small scale.
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